A simple method to separate spores from amoebae of Dictyostelium discoideum.has been devized and used to isolate spore germination mutants. A subclass of these mutants is temperature sensitive for germination and growth.
The amoebae of the cellular slime mould Dictyostelium discoideum aggregate when deprived of food and form spore masses supported by slender stalks. The germination of these spores is a developmental process, as is their formation from individual amoebae. The ability to separate ungerminated spores from amoebae that have germinated successfully permits the isolation of mutants conditionally blocked in spore germination. These mutants are of interest not only because they aid the study of germination, but because defects in spore germination can be attributed to errors in spore formation (6) . Because germination mutants may also be temperature sensitive for growth, they may be used in the system of parasexual genetics described by Katz and Sussman (5) . Early attempts to enrich for temperature-sensitive germination mutants by using heat shock to kill amoebae were unsuccessful, presumably because the spores lose their heat resistance at an early stage of the germination process. For this reason, the less severe dextrin method of separation described in this paper was tried and found to be successful.
Spores of D. discoideum pass into saturated dextrin suspension and sediment during centrifugation, whereas amoebae float. By using this fact, a small number of mutant spores can be recovered from a large population of amoebae that have germinated normally.
MATERIALS AND METHODS
An axenic strain of D. discoideum, Ax3, was used and cultured as described by Watts (7) and allowed to devour the bacterial lawn and form fruiting bodies. Spores were harvested onto the lid of a petri dish by hitting the inverted petri dish hard on the bench. The spore suspension was washed once, resuspended in axenic medium at 106 to 2 x 106f spores/ml, and heat shocked at 45 C for 30 min to destroy amoebae and spore germination inhibitor (4). The spores were shaken for 72 h in a 27 C water bath, during which time almost all observable spores germinated. The germination amoebae and the few remaining ungerminated spores were centrifuged and resuspended in 2 ml of 10 mM Na2HPO4-KH2PO4, pH 6.4, containing 10 mM ethylenediaminetetraacetic acid. This suspension was layered on 8 ml of saturated dextrin solution (British Drug Houses Ltd., England) in a 10-ml tube and centrifuged at 1,600 x g for 20 min at room temperature, after which the dextrin was removed with a Pasteur pipette, the pellet was suspended, and the separation process was repeated. All procedures were done under sterile conditions. Clones deri4ed from individual cells of the second pellet were then grown on lawns of A. aerogenes on SM agar plates (7 
RESULTS
The ability of the method to separate spores from amoebae can be seen from the results in Table 1 . Amoebae placed on a cushion of dextrin were still floating on it after 20 min of centrifugation at 1,600 x g, whereas the spores passed into the dextrin solution or sedimented. Centrifuging at greater speeds resulted in all the spores sedimenting but reduced the viability of the amoebae. Spores which had undergone swelling, one of the early events of spore germination, also passed into dextrin. Table 2 shows the results of a typical experiment in which spores which were temperature sensitive for germination were selected. The results demonstrate that spores can be separated from a 100-fold excess of amoebae. Approximately 106 of the amoebae placed on the first dextrin solution were found in the pellet after centrifugation. These probably ran down the side of the tube when the dextrin was being removed. The number of spores remained relatively constant, although they were difficult to count accurately because of their scarcity. Some of the spores found in the pellet after recentrifugation through fresh dextrin solution were still a Amoebae or spores were layered on dextrin solution and centrifuged at 1,600 x g for 20 min. The top 2 to 3 ml of the dextrin was removed with a Pasteur pipette and examined in a hemocytometer. The remaining dextrin was removed by suction, leaving only 1 ml over the pellet which was resuspended and examined. highly refractile in the phase-contrast microscope after allowing 72 h at 27 C for them to germinate. When all of the cells in the second pellet were plated clonally on lawns of bacteria, very few retained the capacity to form clones and only 41 proved viable. Eight of these proved to be seriously defective in spore germination at 27 C, although a much higher proportion were only slightly defective in germination in this and other experiments. Of 120 viable control spores that had undergone mutagenesis but had not been subject to the dextrin procedure, none showed any inhibition of spore germination. Table 3 gives the characteristics of several mautants isolated by the dextrin procedure. None germinates as rapidly at 27 C as the AX3 parent strain. All will germinate when brought back to the permissive temperature of 22 C, including strains NP51 and NP53 which remain spores at 27 C for long periods. Two of the temperature-sensitive germinators were also temperature sensitive for growth and did not clear lawns of A. aerogenes at 27 C, although they did at 22 C. Because these appear frequently, it is possible that both temperature sensitivities are the result of one mutation, although studies on revertants will be required to eliminate the possibility that two mutations are involved.
To show that the mutants described above were selected rather than isolated by chance, a reconstruction experiment was performed. NP51 spores were mixed with spores of strain X12 at a ratio of 1:1.5 x 10' and shaken in axenic medium at 27 C for 72 h to allow the X12 spores to germinate. This population of amoebae and a few spores were then centrifuged twice through dextrin solution, and the cells in the final pellet were plated on SM agar. X12 colonies can be distinguished from those of strain NP51 because they form a brown pigment and are cycloheximide resistant. Approximately (3) . Defects in trehalase or trehalose-6-phosphate synthetase, both of which are present during the development of D. discoideum, might lead to impaired germination. It should also be possible to isolate mutants insensitive to the spore germination inhibitor by using the technique in reverse and recovering amoebae instead of spores. The spore germination inhibitor has recently been identified as dimethylguanosine (1, 2) .
An important use of the dextrin technique is the isolation of the class of mutants that are temperature sensitive for growth as well as germination, as these mutants are required for the formation of diploids in the parasexual cycle used for genetic analysis in D. discoideum (5) .
